Reactions

R eaction o f uranium, pentaethoxide w ith acetic acid ( m olar ratio 1 :1)
U ranium pentaethoxide (1.075 g.) and acetic acid (0.1393 g.) were refluxed together in dry benzene (60 g .) . A fter about four hours, the ethanol benzene azeotrope was fractio n ated a t 68° -80 °C and the com pound w as dried a t 40 °C /0 .4 m m . A brow n pow der ( 1.0 g.) sparingly soluble in benzene was obtained.
Fo u n d : E th an o l in the azeotrope 0.100 g. (one mole req u ires, 0.107 g .). U 50.13. A cetate, 13.0. Calc, for U (O Et) 4 (O OCCH 3) : U 49 .9 ; A cetate 13.36. E xperim ental details being the same as described above, the rest of the fractions of u ranium p en ta ethoxide w ith acetic propionic, butyric, benzoic, and lactic acids are given in the tables I, II and III.
Reaction betw een U ranium Tetraethoxy m onobenzoate and Tertiary butanol in excess
U ranium tetraeth o x y m onobenzoate (1.251 g.) was taken in benzene (55 g .). To this tertiary butanol (0.65 g.) was added. T he reaction m ixture was refluxed for seven hours. D uring this period benzene ethanol azeotrope was collected slowly. Follow ed by a few ml of p u re benzene at 80 °C. On drying under reduced p ressu re as above a reddish brow n viscous liquid (1.47 g.) sp arin g ly soluble in benzene was ob tained. Calc, for U (OBut) 4(OOCC6H 4) ; U 3 6 .6 ; Benzoate, 18.6.
F o r brevity rest of the reactions are sum m arised in T able II.
T he au th o rs are in debted to P rof. R. C. M e h r o t r a , H ead, C hem istry D ep artm en t, R aja sth a n U niversity, Ja ip u r, for v aluable suggestions. T h an k s are also due to P ro f. R. C. K a p p o r , H ead, C hem istry D epartm ent, Jo d h p u r U niversity, Jo d h p u r, for providing laboratory facilities. One of the authors (S.D. is g reatfu l to the C .S.I.R ., New D elhi (India) for research fellow ship. Stepwise mixed ligand complex formation is observed in the systems containing metal ion, imino diacetic acid (IMDA) as primary ligand and one of the diamines, such as ethylenediamine (en ), 1,2-propanediamine (1,2-pn) and 1,3-propanediamine (1,3-pn) as secondary ligands. Potentionmetric titrations indicate the formation of ternary complexes having a 1 :1:1 molar ratio of metal ion to iminodiacetic acid to the secondary ligand. Initially, metal-IMDA (1:1) complex is formed in the lower buffer region prior to the formation of the ternary complex and the addition of the secon dary ligand takes place only after the combination with the primary ligand is complete. Formation constants (log &mab) °f the ternary complexes have been calculated and the probable reaction mechanism is suggested. The order of stability in terms of metal ion has been found to be Cu (II) > N i(II) > Z n (II) > C d (II) and in terms of secondary ligand as l,2 -p n > e n > l,3 -p n . M a r t e l l a n d c o w o r k e r s 1 re p o rte d th a t c o p p e r ( I I ) fo rm s w ith im in o d ia c e tic a c id a 1 : 1 c o m p lex w ith one w a te r m o lecu le to sa tisfy th e fo u rth c o o rd in a tio n n u m b e r of th e m etal io n . L a te r on B e n n e t t 2 sh o w ed th a t th e c o o rd in a tio n n u m b e r of C u ( I I ) c an be ex ten d e d to five b y re p la c in g th e w a te r m o lecu le w ith a b id e n ta te lig a n d , such as e th y le n e d ia m in e a n d re p o rte d th e fo rm a tio n o f a te r n a ry co m p lex c o n ta in in g C u ( I I ) , im in o d ia c e tic 1 S. C h a b e r e k . j r ., and A. E. M a r t e l l , J. Amer. diem. Soc. 74, 5052 [1952] . a c id a n d e th y le n e d ia m in e in th e ra tio of 1 : 1 : 1 . T h ey a lso c a lc u la te d th e fo rm a tio n c o n sta n t o f th e m ix ed lig a n d co m p lex e m p lo y in g sp e c tro p h o to m e tric d a ta fo r th e re a c tio n :
Potentiometrie Studies on Stepwise Mixed Ligand Complex Formation
It w as, th e re fo re , c o n sid e re d o f in te re st to c a rry o u t p o te n tio m e tric stu d ie s of th e sy stem s c o n ta in in g so m e b iv a le n t m e ta ls, such as C u ( I I ) , N i ( I I ) , Z n ( I I ) o r C d ( I I ) , im in o d ia c e tic acid a n d som e d ia m in e s, such as e th y le n e d ia m in e , 1 ,2 -p ro p a n e d ia m in e o r 1,3-p ro p a n e d ia m in e as se c o n d a ry lig a n d s a n d to m a k e a c o m p a ra tiv e stu d y of th e sta b ilitie s o f th e re s u ltin g 1 :1 : 1 te rn a ry com plex es. In e a rlie r c o m m u n ic a tio n s 3' 4 fro m these la b o ra to rie s , s im ila r stu d ie s on Cu ( A ll the pH titrations were carried out at room tem p eratu re (30 ± 1 °C) w ith a C am bridge pH M eter, standardized against a 0.05 M solution of potassium hydrogen phthalate.
Calculations
T h e ac id d isso c ia tio n c o n sta n ts o f th e se c o n d a ry lig a n d s, en an d 1,2 -pn w ere d e te rm in e d b y th e m e th o d of C h a b e r e k a n d M a r t e l l 1 u sin g se p a ra te n e u tra liz a tio n steps. O v e rla p p in g d is so c ia tio n c o n sta n ts o f 1 ,3 -p n w ere 
Results and Discussion
W h e n th e s o lu tio n o f im in o d ia c e tic a c id is ti t r a ted , it giv es a s h a r p in flectio n a t a = 1 (a = m o les o f b a se a d d e d p e r m o le of m etal io n ) in th e low p H re g io n a n d a p o o r in flec tio n a t a = 2 in th e h ig h e r p H re g io n in d ic a tin g tw o s e p a ra te n e u tra liz a tio n step s d u e to th e la rg e differen ce in th e d is so c ia tio n c o n sta n ts o f IM D A . H o w ev er, titr a tio n c u rv e s fo r th e se c o n d a ry lig a n d s in d ic a te a sm all d iffe re n ce in th e ir p K v a lu e s a n d o n ly o n e w ell d efin ed in flec tio n is o b se rv e d a t a = l . In th e case o f 1 ,3 -p ro p a n e d ia m in e , a p o o r in fle c tio n a t a = 1 is d u e to its o v e r la p p in g d is so c ia tio n c o n stan ts.
S o lu tio n s c o n ta in in g C u ( I I ) , N i (I I) o r Z n ( I I ) a n d IM D A in e q u im o la r p ro p o rtio n s g iv e o n e in flectio n a t a = 2 in d ic a tin g th e fo rm a tio n o f a 1:1 c o m p lex in th e lo w er b u ffe r re g io n . In all th e sy stem s p re c ip ita tio n s ta rts a fte r a = 2 w ith one m o re in flec tio n a t a = 3 . T h e c o lo u r o f th e s u p e rn a ta n t liq u id a n d n a tu r e o f th e p re c ip ita te c le a rly in d ic a te th e fo rm a tio n o f In fle c tio n a t a = 1 is d u e to th e n e u tra liz a tio n o f th e fre e p ro to n o f th e c a rb o x y lic g ro u p o f IM D A a n d a n o th e r in flectio n a t a = 2 in d ic a te s th e c o m p le x a tio n o f th e lig a n d to C d ( I I ) . B ey o n d th is p re c ip ita tio n o c c u rs a n d o n e m o re m o le of a lk a li is c o n su m e d re s u ltin g in th e fo rm a tio n o f 1 : 2 C d (I I)-IM D A co m p lex a n d m etal h y d ro x id e w ith a n in flectio n a t a = 3. S y stem s c o n ta in in g e q u im o la r p ro p o r tio n s of C u ( I I ) , N i ( I I ) , Z n ( I I ) o r C d ( I I ) w ith e th y le n e d i a m in e a n d 1,2 -p ro p a n e d ia m in e g ive tw o in flec tio n s a t a = 2 a n d a = 3 e x ce p t in th e case o f Z n ( I I ) -e n , w hich g iv es o n ly o n e in fle c tio n a t a = 3 . In fle c tio n at a -2 is d u e to th e 1:1 m e ta l-d ia m in e co m p lex fo rm a tio n . A fte r th is p re c ip ita tio n s ta rts a n d a n in flectio n a t a = 3 is o b ta in e d , in d ic a tin g th e p r o b a b le d is p ro p o rtio n a tio n o f 1:1 co m p lex in to 1 : 2 m e ta l-d ia m in e co m p le x a n d p re c ip ita tio n o f h a lf of th e m etal as m e ta l h y d ro x id e . T h e change in c o lo u r fro m lig h t b lu e to lig h t v io let in th e case o f C u ( I I ) a n d N i ( I I ) d u rin g th e a d d itio n o f 2 to 3 m o les o f b a se s u p p o rts th e ab o v e sta tem e n t. In th e case o f Z n ( I I ) -e n a n d C u ( I I ) , N i ( II ) o r C d ( I I ) -1 ,3 -p n sy stem s p re c ip ita tio n sta rts a fte r a d d in g 1 .8 , 1 .6 , 1.3 a n d 0 .5 m oles of a lk a li resp ectiv ely , w hich sh o w s th a t the d is p ro p o rtio n a tio n of th e 1:1 co m p le x tak e s p lace b e fo re it is c o m p letely fo rm e d a n d o n ly one b re a k a t a = 3 is o b serv ed . In Z n (I I ) -1 ,3 -p n sy stem p re c ip ita tio n s ta rts fro m th e b e g in n in g of th e ti t r a tio n a n d a n in fle ctio n is o b serv e d a t a~3 .
In the m ix ed lig a n d sy stem s ( In th ese cases also th e e x p e rim e n ta l cu rv e s u p e r im p o ses o v e r th e C d (II )-IM D A c u rv e u p to a = 1 . 5 a n d th e th e o re tic a l co m p o site c u rv e u p to a -2 , w hich in d ic a te s th a t th e te rn a ry co m p lex fo rm a tio n sta rts b e fo re the fo rm a tio n of the 1 :1 C d (I I)-IM D A c o m p lex is co m p lete. S im ila r o b se rv a tio n s have been m ad e fo r th e c o rre s p o n d in g Z n ( I I ) sy stem s a n d the lo w er p H b etw een a = 2 -4 in c o m p a riso n to the th e o re tic a l co m p o site c u rv e show s th e te rn a ry c o m p lex fo rm a tio n .
A n o th e r ev id en c e w hich co n firm s th e fo rm a tio n of m ix ed lig a n d c o m p lex es is the change in c o lo u r of a H o w ev er, in Z n (I I)-I M D A -l,3 -p n a n d C d ( I I ) -IM D A -l,3 -p n sy stem s, th e p H titra tio n cu rv es d o n o t g ive a n y ev id en c e fo r th e m ix ed com plex fo rm a tio n w hich is s u p p o rte d b y th e fo llo w in g f a c ts :
(1 ) J u s t a fte r a d d in g 2 m oles of alk ali p re c ip ita tio n sta rts .
(2 ) N o a p p re c ia b le lo w e rin g of p H in c o m p a r i so n to th e th e o re tic a l co m p o site cu rv e is o b serv ed in th e ra n g e w h e re te r n a ry co m p lex fo rm a tio n ta k e s p lace in o th e r system s. 
F o rm a tio n co n sta n ts o f m ix e d lig a n d c h e la te s:
A c o m p a ris o n o f th e fo rm a tio n c o n sta n ts (log/^M Aß) g iv en in ta b le II in d ic a te s th a t th e o rd e r o f sta b ility o f th e te r n a ry co m p lex es in te rm s o f th e m etal io n is C u ( I I ) > N i ( I I ) > Z n ( I I ) > C d ( I I ) a n d in te rm s of s e c o n d a ry lig a n d as 1,2-pn > en > 1 ,3 -p n . T h e g re a te r sta b ility o f eth y le n e d ia m in e a n d 1,2 -p ro p a n e d ia m in e co m p lex es c a n be ex p la in e d o n th e b a sis of r in g size. In th e se cases five-m em bered rin g s a re fo rm e d , w h e rea s in 1 ,3 -p ro p a n e d ia m in e d u e to the in c re a se d c h ain le n g th six -m em b ered rin g fo rm a tio n tak e s p lace .
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